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R602Pogonomyrmex, where some
populations contain two distinct
genetic lineages [7]. Queens mate
with both males of their own lineage
and males of the other lineages.
Eggs fertilized by males of the same
lineage invariably develop into queens
while eggs fertilized by males of the
other lineage can only give rise to
workers.
This reproductive systemalso results
in there being a high proportion of
unviable brood, because diploid
intra-lineage eggs produced during
the period of production of workers do
not give rise to viable individuals [5,8,9].
Interestingly, these Pogonomyrmex
systems with pairs of distinct lineages
also evolved from ancestral
hybridization, but there is currently no
more gene flow between lineages or
between the lineages and the parental
species [7,10–12]. It remains to be
investigated whether there is also
a complete breakdown of gene flow
between theMat and Pat lineages
of the W and R forms and between
these gene pools and the two putative
parental species F. aquilonia and
F. polyctena.
The other unusual system of
reproductionwas uncovered in the little
fire ant Wasmannia auropuncta [13].
In this species workers are produced
by normal sexual reproduction but all
queens are clonally produced from
their mother and all males are clonally
produced from their father.
Interestingly, in this species there is
no longer gene flow between males
and females, as their genomes cometogether only in the sterile workers.
And, in a manner similar to
maternally-inherited genomes of the
Formica system, it seems that the
Wasmannia female genome has lost
the ability to produce viable males.
In both cases the mechanism involved
is unknown. Possible explanations
include selective gene imprinting
by one of the two parents, fixation
of recessive deleterious alleles
(expressed in haploid males),
cyto-nuclear interactions, and/or
fixation of allelic variants incompatible
with the male-specific developmental
pathway.
In conclusion, this new study [4] adds
to the increasing number of unusual
modes of reproduction recently
discovered in ants. In addition to
providing fascinating evolutionary
enigma, these systems also provide
unique opportunities to study the
genetics of phenotypic plasticity, caste
determination and incompatibilities.
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E-mail: Laurent.Keller@unil.chDOI: 10.1016/j.cub.2010.05.048Cytokinesis: The Ubc of PositioningA recent analysis of spindle positioning in yeast sheds light on how interactions
between microtubules and the cleavage apparatus are modulated through
mitosis to promote and maintain proper positioning of the spindle and
cleavage plane relative to each other.Manuel Hotz and Yves Barral*
During eukaryotic mitosis, proper
positioning of the mitotic spindle and
the site of cleavage relative to each
other is a prerequisite for successful
cell division. In animal cells, the spindle
itself determines where the future
cleavage plane will be and thereby
positions the furrow machinery relativeto the mitotic spindle. Over decades,
the mechanisms for cleavage furrow
positioning in higher organisms have
been strongly debated. Several models
were proposed that appeared at first
to be mutually exclusive because they
propose opposite functions for the
microtubules (Figure 1A). The first
class of models implicates astral
microtubules (aMTs) coming fromboth asters in signaling the position
of the future site of division at the
spindle equator [1–4]. In these models,
aMTs provide a positive signal for
formation of the cleavage furrow. In
the second class of models, aMTs
relax the cortex around the asters,
helping contraction to concentrate
at the equator [5,6]. Here, the spindle
midzone contributes to the process
of furrow positioning by recruiting
microtubules away from the cortex at
the cleavage plane. Thereby, the
cleavage plane is defined as a region of
lower microtubule density. Therefore,
in these models astral microtubules act
as inhibitors of the furrowing process.

















Figure 1. Cleavage furrow formation and spindle positioning in eukaryotes.
(A) There are two classes of models that explain the positioning of the cleavage furrow in
higher eukaryotes. In the first class of models (left), astral microtubules (aMTs) signal the
position of the cleavage site, whereas in the second class of models (right) the spindle
midzone directs furrow formation. (B) In yeast, Kar9-dependent spindle alignment and
orientation occur in metaphase. In anaphase, ubiquitination of Kar9 serves as a detachment
signal for aMTs from the bud neck. Preventing ubiquitination of Kar9 leads to frequent spindle
elongation in the mother. Detachment might also be important in higher eukaryotes to transit
from early to late stages (A, left and right panels, respectively) of cleavage plane
determination.
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R603models, suggesting that they might
coexist. But how could that be?
At first sight, the situation in a simple,
unicellular organism like budding
yeast seems quite different from what
is observed in other eukaryotes: the
cleavage plane is predetermined by
the budding process since it is defined
by the bud neck even before spindle
assembly. Thus, in these cells it is the
spindle, and with it the entire nucleus,
that has to migrate and position itself
relative to the cleavage plane.
However, fungi clearly use a highly
related molecular setup to undergo
cytokinesis compared to animals,
comprising myosin, anillin and septins.
Furthermore, positioning of the spindle
and cleavage apparatus relative to
each other depends on microtubule
function in fungi like in animals. Thus,
zooming out, it is tempting to speculate
that the apparently different processes
of cleavage site determination in animal
cells and spindle positioning in fungi
are actually two macroscopic
outcomes of the same molecular
processes, which in both cases ensure
that spindle and cleavage plane are
correctly positioned relative to each
other. Hence the question, can our
understanding of yeast mitosis inspire
us in our attempts to resolve the
apparent paradoxes of animal mitosis?
In budding yeast, the mitotic
spindle moves to the bud neck during
metaphase (Figure 1B). Movement
involves the adenomatous polyposis
coli-related protein Kar9, which
decorates the microtubules emanating
from one spindle pole body (SPB, the
yeast equivalent of the centrosome).
Kar9 recruits the actin motor Myo2 and
promotes the movement of the spindle
towards the bud. Thereby, the spindle
moves towards the cleavage plane
and positions itself perpendicular to it
(reviewed in [7]). Remarkably, during
metaphase the movement of the
spindle towards the cleavage plane
involves mainly the interaction of the
Kar9-decorated, astral microtubules
with the cleavage apparatus at the bud
neck [8]. The septin cytoskeleton at the
bud neck provides a key stronghold
for the capture and shrinkage events
that generate the pulling forces moving
the spindle towards the cleavage
plane. Thus, during yeast metaphase
the spindle pulls itself towards the
cleavage plane through interactions
that it establishes with the cleavage
apparatus at the cortex. However,
this mechanism raises a problem: asthe spindle elongates in anaphase,
attachment to the cleavage apparatus
would be expected to turn into an
impediment. Accordingly, attachments
of astral microtubules to the bud neck
are generally lost during anaphase.
Thus, microtubule interactions with the
cortex at the cleavage plane can be
prominent only during metaphase. But
until recently it was not known whether
and how the cell regulates these
interactions as mitosis progresses,
and whether such regulation would
indeed play an important role in the
spatial coordination of cytokinesis
and chromosome segregation relative
to each other.
In this issue of Current Biology,
Kammerer et al. [9] report on theirdiscovery of a remarkable mechanism
ensuring the release of microtubules
upon attachment to the yeast bud
neck. The authors show that localized
ubiquitination of Kar9 at the cleavage
site destabilizes the interaction of
microtubule plus ends with the bud
neck. Ubiquitination of Kar9 depended
on the presence of an intact cleavage
apparatus: mutations in septins and
disruption of the bud neck formin Bnr1
lead to reduced ubiquitination of Kar9.
In addition, when Kar9-decorated
astral microtubules failed to move
to the cleavage-apparatus, such as
in cells lacking Myo2 function,
ubiquitination was similarly impaired.
In reverse, mutations that prevent Kar9
ubiquitination enhance the interaction
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neck. Most remarkably, maintaining
such attachments beyond anaphase
onset prevented these spindles from
elongating properly between mother
and bud and frequently led to their
elongation in the mother cell
(Figure 1B). Thus, ubiquitination
negatively controlled the behavior of
the Kar9-decorated microtubules and
their interaction with the cortex at the
cleavage plane. Furthermore, this
regulation was especially important
after the metaphase–anaphase
transition to maintain the proper
position of the spindle relative to the
cleavage plane. The authors propose
that ubiquitin serves as a signal to
dissociate Kar9 from Myo2 and
reduce interactions between astral
microtubules and the bud neck. But
what is the exact function of this
regulation?
It may be that microtubules
continuously cycle between
attachment and ubiquitin-dependent
detachment from the bud neck. As
the authors propose, this cycling
could have the function of actually
positioning the spindle close to the
neck, explaining the spindle
positioning defect observed when
ubiquitination is impaired. However,
in wild-type cells attachment to the
bud neck is prominent during most of
metaphase and starts to be resolved
only as the cells approach anaphase
onset. Thus, this and the phenotype
observed in these cells suggest that
dissociation of microtubules from
the cleavage apparatus is in fact anecessary transition step from early
spindle positioning to allowing spindle
elongation. Therefore, the data
reported by Kammerer et al. [9]
demonstrate for the first time that
whereas microtubule attachment to
the cleavage apparatus plays a
central role in spindle positioning
during metaphase, at anaphase onset
detachment becomes essential for the
maintenance of spindle positioning
with respect to the cleavage apparatus.
This brings us back to the
mechanisms controlling cleavage
furrow positioning in higher
eukaryotes. As discussed previously,
like fungi, interactions between astral
microtubules and the cleavage
apparatus occur in higher eukaryotes
and are important for the positioning
of the cleavage furrow relative to the
spindle. Perhaps, the apparent
paradoxes described over the years
also reflect the necessity of two
independent mechanisms involving
different modes of interaction between
microtubules and the cleavage
apparatus as the cells progress from
metaphase into anaphase. In other
words, higher eukaryotes must
perhaps also transit from a stage in
which the spindle asters interact with
the middle of the cell to a later stage
when these interactions need to be
released to allow spindle elongation
(Figure 1A). This could at the same time
be the point when the spindle midzone
becomes more important than the
spindle asters. The study by Kammerer
et al. [9] elucidates a mechanism that
may have implications for the spatialcoordination of the cleavage apparatus
and the spindle in higher eukaryotes
as well. Therefore, we suggest that
ubiquitination might also regulate
interactions between microtubules
and the cleavage apparatus in higher
eukaryotes.
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Where We Are TouchedThe brain localizes touch not only on the skin, but also in three-dimensional
space. A newstudy links behavioral findings in humanswith neurophysiological
findings in monkeys and suggests a model of how recoding from skin to space
may be accomplished.Tobias Heed
The sensory homunculus, located
along the postcentral gyrus, may be
the most widely known brain region.
It maps sensation from the skin onto
an orderly array of brain regions which
roughly resemble the order of our bodyparts. When asked how the brain can
know where our body was touched,
we might therefore be quick to think
that all that is needed is to identify
which neurons in the homunculus
were activated by the touch. Yet,
because we can move our bodies so
flexibly, the location of a touch is notonly defined by where it was felt on the
skin: a touch to, say, the hand may be
located anywhere between the head
and the toes, depending on our body
posture at the moment of touch.
To know this spatial location is
important to make a motor response
towards the touch, for example to
swat away an insect that might be
about to sting. It is also important
to integrate tactile information with
information from the other senses,
most importantly vision.
Remapping of touch perception
has thus often been investigated in
multisensory contexts. Single cell
recordings in monkeys have revealed
that neurons in the ventral intraparietal
